Background. The prevalence and severity of stage II and III dysplastic coxarthrosis determine the medical and social importance of its prevention and treatment. For a practicing orthopedic surgeon, there are two established stages of orthopedic treatment: the surgical stage and the restorative stage. The domestic and foreign literature from the previous 25 years comprises few publications regarding the rehabilitation of young children after reconstructive hip joint surgeries. Thus, the issues regarding the rehabilitation of teenagers following extra-articular operations on the hip joint remain unexplored. Aim. To evaluate the effectiveness of the developed program of rehabilitation for children after the surgical treatment of dysplastic coxarthrosis stages I and II. Material and methods. We analyzed the results of the surgical and rehabilitative treatment of 40 children (100%) with dysplastic coxarthrosis stage I and II; the study population included 27 girls (67.5%) and 13 boys (32.5 per cent) aged 13-18 years (total 54 joints). The rehabilitation period was divided into the following 4 stages: I preoperative, II postoperative day 1-2, III postoperative day 3-21, IV outpatient treatment (after hospital discharge to 1 year postoperatively). Results. By the time of discharge, the range of motion in the hip joint was as follows: bending 950° ± 40°, withdrawal 150° ± 50°, and extension 100° ± 30°. According to the results of the electromyography performed 3 months postoperatively, there was an increase in the amplitude of biopotentials for the gluteal muscle. The long-term result was evaluated after 1 year. The average modified Harris Hip Score and a scale developed in the The Turner Scientific and Research Institute for Children's Orthopedics, significantly (p < 0.05) differed from preoperative ones. Conclusion. Early rehabilitation allows an increase in the strength and tone of muscles and restores the amplitude of movements in conditions of altered anatomical and biomechanical relationships in the hip. The verticalization of patients with the learning of proper load distribution on the parts of the foot enables effective recovery of the correct gait pattern. Comprehensive treatment of adolescents with dysplastic coxarthrosis according to the proposed method not only improves the condition of the affected hip joint and lower limb as a whole, but also improves the child's quality of life.
Introduction
Despite substantial advancements in medical technologies for the diagnosis and treatment of the musculoskeletal system pathology, decreasing the frequency of deforming arthrosis of the hip joint is challenging. Coxarthrosis of dysplastic genesis accounts for approximately 50% of large joints arthrosis. The prevalence of pathology and the severity of the clinical condition of dysplastic coxarthrosis (DKA) at stages II and III determine the high medical and social significance of its prevention and treatment. In addition, the congenital inferiority of hip joint tissues and the overburden of joint components due to the lack of coverage of the femoral head and the cotyloid cavity play a determining role in DKA pathogenesis [1] [2] [3] [4] [5] [6] . In an actively growing individual, this condition is attributed to the imbalance between the growth rates of the cotyloid cavity and femoral components of the joint. The clinical and X-ray signs of DKA appear at 10-12 of age, or even earlier in acute cases. In contrast, after being symptomatic, there is no reverse development, and the disease progresses rapidly after the onset. During the development of degenerative and dystrophic diseases of the hip joint, the indicators of the patients' physical condition most significantly change as a result of biomechanics disorder of complete musculoskeletal system. Typically, the choice of the surgical intervention method depends on the specific clinical and radiological situation [7] . Thus, at stages I and II, the transposition of the acetabular joint component is the most effective in increasing the contact area of the articular surfaces of the femoral head and the cotyloid cavity by altering the spatial orientation of the latter [8] [9] [10] [11] . At stage II-b, the presence of fixed contractures, the severity of pain syndrome, and degenerative and dystrophic changes (DDC) in the pelvic and femoral joint components facilitate both organ-preserving and organ-replacing surgeries. At stage III of DKA, only surgical methods, such as total hip arthroplasty, can save patients from pain syndrome, enabling them to return to their agespecific, pre-disease lifestyle as soon as possible. In patients aged >18 years, the algorithm and treatment methods of DKA have been previously investigated and standardized [12] . However, in children, less attention has been paid to rehabilitation with regard to improving methods and techniques of surgical interventions. In the available Russian and foreign literature for over the past 25 years, only a few reports exist on the rehabilitation of children in the younger age group in the postimmobilization period after surgical treatment for hip joint instability of dysplastic genesis; there are no studies on restorative treatment after reconstructive surgeries of the hip joint in adolescents, especially in the early postoperative period.
Thus, this study aims to evaluate the efficacy of the developed program for the rehabilitation of adolescents after surgical treatment of DKA at stages I-II.
Materials and methods
Between 2015 and 2017, we reviewed the results of surgical and regenerative treatment of 40 children (100%) with DKA at different stages. The patients comprised 27 girls (67.5%) and 13 boys (32.5%) aged 13-18 years (total 54 joints). Bilateral pathology was observed in 14 patients (35%). After a comprehensive examination, 15 patients (37.5%) were diagnosed with DKA stage I, 15 (37.5%) with stage IIa, and 10 (25%) with stage IIb. An informed consent was obtained from all patients to participate in the study, to process personal data, to examine and perform surgical intervention. All 40 patients (100%) underwent transposition of the cotyloid cavity after triple osteotomy of the pelvis, alone or in combination with femur osteotomy (Fig. 1 ). Of note, surgery was performed based on a technique developed in the Department of Hip Joint Pathology (Turner Scientific and Research Institute for Children's Orthopedics, Saint Petersburg, Russia) from the external-lateral access. In addition, clinical, radial, and electrophysiological research methods were used to assess the anatomical and functional state of the affected hip joint. The clinical examination comprised goniometry, limb length measurement, and gait evaluation. Radiation methods facilitated complex X-ray assessments based on the commonly used indicators (e.g., the angles of Wiberg and Sharp, front cover, inclination of the cavity in the sagittal plane and cervicaldiaphyseal and that of the antetorsion, thickness of the cavity bottom, lateral and cranial displacement of the femoral head, and coefficient of the bone coverage) and assessed the severity and dynamics of DDC. In EMNG and EMG studies, the state of the nervous and muscular systems was determined before surgery, followed by evaluation and analysis of the data obtained. In the ENMG study of the femoral, tibial, and peroneal nerves, nerve conductivity was assessed from both sides, including the state of myoneural apparatus of the lower extremities and the dependence of the severity of the deviation of neurophysiological indices of the normal ones. For a comprehensive assessment of the functional condition of the hip joint, all patients were asked to complete the questionnaire of the modified Harris Hip Score scale, signifying the functional condition of the hip joint, and that of the scale developed at the Turner Scientific and Research Institute for Children's Orthopedics, which characterizes the violations in the typical life of adolescents to a greater extent. The data obtained during this study were processed using the Statistica for Windows (version 6.0) program.
In this study, the rehabilitation period was divided into the following four stages:
I: preoperative; II: 1-2 days after surgical treatment; III: 3-21 days after surgical treatment; IV: after patients were discharged to outpatient and polyclinic conditions in a primary care facility.
At stage I, the primary task was to develop a correct attitude in patients and their parents for the forthcoming surgical intervention, emphasizing the possibility of improving the adolescents' quality of life. Besides detailed information about the objectives of the forthcoming surgical intervention, unique aspects of anatomical changes, and biomechanics of the affected joint, all patients were trained in isometric contraction method of the muscles of the lower extremities, focusing on the gluteal muscles, the anterior surface of the femoral muscle, and the training of the correct walking stereotype. In addition, exercises were performed for 1 min (15 repetitions) for three to four times a day. At stage II, the primary objective was to initiate recovery of the muscle tone and strength and amplitude of movements under conditions of altered anatomical relationships in the hip joint. In addition, the previously described exercises aimed at improving the "pump" function of the muscles. Based on our experience, one of the most effective exercises at this stage is flexion in the knee joint in the patient's prone position. As several muscles of the hip joint region are diarticular, this exercise facilitates attaining their required stretching as quickly and painlessly as possible, which subsequently exerts a positive impact on restoring the amplitude of motion in the operated joint. From postoperative day 2, mechanotherapy was started on the "Artromot K1" apparatus by lying in extreme positions for up to 2 min, depending on the general state of the patients.
At stage III, mechanotherapy was continued with a gradual increase in the amplitude and speed of movements of the knee and hip joints. Under the guidance of an exercise physiologist, patients began performing active exercises focusing on flexion and retraction; these exercises must be static and dynamic, i.e., with a delay in the extreme positions in suspension, similar to the maximal involvement of the medial fibers in muscle work. Thus, the entire myogaster receives a uniform, maximum possible load. By day 5, we observed that the pain syndrome was almost completely arrested, and edema of the soft tissues of the postoperative wound area had considerably reduced. Further, to augment the muscle strength from this point to postoperative day 14, all active exercises were performed with "weight, " (gymnastic band), a fitball in the absence of muscle relaxation in extreme positions, and a gradual increase in "weight" because of a change in the density of rubber and the degree of air compression in the fitball. Notably, exercises were performed with repetitions for 10-15 times up to four times a day. On postoperative day 14 after the healing of the postoperative wound, we removed the sutures and performed control radiography, and all patients were verticalized. From day 15-21, all pediatric patients were taught walking with crutches in the absence of a load on the operated side with the obligatory performance of all step acts (stretching the limb forward, bending the hip and knee joints, and rolling from the heel to the toe). Besides continuing physical therapy after the removal of stitches, all patients underwent electrostimulation of the gluteus muscles and the quadriceps muscle of the thigh in the syncope rhythm for 10-15 min (seven sessions).
At stage IV, after discharge, all patients were recommended to continue performing the above exercises of physical therapy and electric myostimulation of the muscles of the lower extremities with courses of 10-15 procedures once every 6 months. Furthermore, 12 weeks after surgery, the activities in pool and balneotherapy were recommended.
Results and discussion
The clinical examination facilitated in determining the magnitude of different sizes of the lower extremities. In this study, the limb shortening on the side of the lesion was 2.5 ± 1.1 cm. To estimate the amplitude of movements in the affected joint (flexion, 100° ± 5°; retraction, 30° ± 7°; extension, 15° ± 3°; rotational movements, 150° ± 5°) and determine the presence of decompensation of the function of the middle and minor gluteus muscles, a positive Duchenne-Trendelenburg symptom was diagnosed in 26 patients (86.7%). In addition, to perform manipulation specific for coxarthrosis and to determine the involvement of the joint surface of the femoral head and cotyloid cavity in the pathological process, positive FADIR and FABER test were performed in 39 patients (97.5%). The nearest results of the complex treatment were evaluated by the clinical method (goniometry) and radiographic method (X-ray) on postoperative days 18-20. The amplitude of movements in the hip joint at the time of discharge was as follows: flexion, 95° ± 4°; retraction, 15° ± 5°; and extension, 10° ± 3°. An equal limb length was attained in 31 patients (77.5%), whereas the residual shortening in nine patients (22.5%) did not exceed 1 cm. Moreover, the X-ray evaluation for the restoration of anatomical relationships after reconstructive interventions was performed along with electrophysiological examination after 3 months of the surgical treatment. We observed the highest differences (in 91% of cases) in pronounced shifts in the electromyography (EMG) pattern of the voluntary activity of the middle gluteus muscle. EMG revealed that the amplitude of the biopotentials was <301 ± 17.6 mV for the middle gluteus muscle on the side of the lesion before surgery and was 459 ± 14.7 μV after 3 months on the same side after surgery.
We evaluated long-term results of the treatment after 1 year. The increase in the amplitude of movements in the operated joint was on average 15% (14.5° ± 3.5°) of the available value at the time of discharge. In addition, the average values of the modified Harris Hip Score scale and the scale developed at the Turner Scientific and Research Institute for Children's Orthopedics differed significantly (p < 0.05) from the preoperative ones (Table 1) , suggesting an improvement not only in the function of the lower extremities but also in the adolescents' quality of life as a whole.
For a practicing orthopedic surgeon, it is axiomatic that any orthopedic treatment comprises of two inseparable stages: surgical and restorative. To date, surgical treatment techniques for pediatric and adolescent patients with DKA have been comprehensively investigated and standardized [1, 2] , which cannot be said regarding the rehabilitation following surgery for this category of patients. The limited studies on this topic primarily deal with the implementation of restorative treatment in children in the younger age group and are dated to the late 1970s and early 1980s [15] . The primary objective of such rehabilitation was to restore the amplitude of movements after prolonged gypsum immobilization. In addition, contemporary studies have also reported on the evaluation of the efficiency of restorative treatment of pediatric patients in the long-term postoperative period [16] . Nevertheless, the possibilities for starting early rehabilitation have not been investigated at all, which, in turn, emphasizes the urgency and necessity of creating such programs.
Conclusions
This study infers the following major findings. First, the early rehabilitation of adolescents after surgical treatment of DKA helps in increasing the strength and tone of muscles and restoring the amplitude of movements in conditions of altered anatomical and biomechanical correlations in the hip joint after "aggressive" surgical intervention. Second, verticalization of patients with training to correctly distribute the load on foot in the early postoperative period facilitates efficient restoration of the correct gait stereotype with the observance of all acts of walking. Finally, complex treatment of adolescents with DKA, according to the proposed method, not only improves the condition of the affected hip joint and lower limb as a whole but also positively affects the quality of life of pediatric patients. 
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